1. Introduction {#sec0005}
===============

The diverse deleterious health effects upon exposure to heavy metals in the environment are a matter of serious concern and a global issue. Lead is the most abundant toxic metal in the environment [@bib0005]. Lead occurs naturally in the environment. However, most of the high levels found throughout the environment come from human activities. Environmental levels of lead have increased more than 1000-fold over the past three centuries as a result of human activity. The greatest increase occurred between the years 1950 and 2000, and reflected increasing worldwide use of leaded gasoline [@bib0010].

Lead does not have any detectable beneficial biological role, however on the contrary its detrimental effect on physiological, biochemical and behavioral dysfunctions have been documented in animals and humans by several investigators [@bib0015], [@bib0020]. Lead is a male reproductive toxicant [@bib0025]. Toxicity is manifested in male reproductive function by deposition of lead in testes, epididymis, vas deferens, seminal vesicle and seminal ejaculate. Lead has an adverse effect on sperm count, sperm motility and retarded the activity of spermatozoa [@bib0030]. The effect of lead on testis is still a matter of controversy where exposure to low dose of lead was found to arrest spermatogenesis [@bib0035] or to have no effect [@bib0040].

The mechanism of lead-induced oxidative stress involves an imbalance between generation and removal of ROS (reactive oxygen species) in tissues and cellular components causing damage to membranes, DNA and proteins [@bib0005]. Lead is reported to cause oxidative stress by generating the release of reactive oxygen species (ROS) such as superoxide radicals, hydrogen peroxide and hydroxyl radicals and lipid peroxides [@bib0045]. Lead acetate enhances lipid peroxidation and nitric oxide production in both serum and testes with concomitant reduction in antioxidant enzymes as catalase and superoxide dismutase [@bib0050].

The androgen receptor (AR) plays a key role in androgen action. In the male reproductive system, the testis and epididymis are major targets of androgen action, and androgen is critical for maintenance of spermatogenesis and secretory function in epididymal epithelial cells [@bib0055]. Caspases are a family of genes important for maintaining homeostasis through regulating cell death and inflammation [@bib0060].

There has been increased interest among phytotherapy researchers to use medicinal plants with antioxidant activity for protection against heavy metal toxicity [@bib0045]. Cinnamon (*Cinnamomum zeylanicum*), a medicinal plant belongs to *Luaraceae* family. This plant has many therapeutic effects. One of its most important effects is its impact on the increase of sexual ability [@bib0130]. Limited data are available on the protective effect of this substance against the toxicity of heavy metals on male reproduction. Administration of cinnamon extract before exposure to lead could reduce many of its side effects. Therefore, the present study was carried out to investigate the protective role of cinnamon extract against the effect of lead acetate on testicular functions, superoxide dismutase, expression of androgen receptor and casapase-3 in adult male albino rats.

2. Materials and methods {#sec0010}
========================

2.1. Preparation of materials {#sec0015}
-----------------------------

Lead acetate trihydrate was obtained from Oxford Lab. Co., India (CAS: 6080-56-4). Lead acetate was dissolved in distilled water at concentration of 30 mg/kg body weight of 1% solution and administrated to rats by gavage tube. For preparation of cinnamon extract, values of 10 g cinnamon was weighed and added to 100 ml of boiling distilled water. Then the solution was cleared with filter paper and was ready for administration by gavage tube. The dose of cinnamon was 250 mg/kg body weight.

2.2. Animals and housing {#sec0020}
------------------------

A total number of 32 adult male albino rats were used in the present study and their weight ranged between 130 and 150 g. Animals were raised at Faculty of Veterinary Medicine, Suez Canal University, Egypt. They were maintained in stainless steel cages with wood shavings. Food and water were supplied *ad libitum*. Rats were housed at a controlled temperature of 26 ± 1 °C, 60% humidity and under a 12 h light: 12 h dark schedule. The animals were divided into 4 groups. The first one (*n* = 8) were used as control and received only distilled water. The second one (*n* = 8) were administrated lead acetate at concentration of 30 mg/kg body weight of 1% solution by gavage tube. The third one (*n* = 8) were administrated cinnamon extract (250 mg/kg body weight) by gavage tube. The fourth one (*n* = 8) were administrated lead acetate at concentration of 30 mg/kg body weight of 1% solution and cinnamon extract (250 mg/kg body weight) by gavage tube for 60 days.

2.3. Organ relative weights {#sec0025}
---------------------------

At the end of the study period, rats were euthanized and organs were dissected. Testes, tail of the epididymis, seminal and prostate glands are removed and weighed. The organ relative weights (organ weight/body weight × 100) were measured for each rat in treated and control groups.

2.4. Sperm concentration and morphology assay {#sec0030}
---------------------------------------------

The content of epididymis was obtained by cutting of the cuda epididymis using surgical blades then squeezed in a sterile clean watch glass. This content was diluted 5 times with 2.9% sodium citrate dihydrate solution and thoroughly mixed to estimate the sperm concentration [@bib0065]. One drop of the suspension was smeared on a glass slide and stained by Eosin Nigrosin stain to determine the viability and sperm abnormalities using the criteria of Okamura et al. [@bib0070].

2.5. Testicular superoxide dismutase (SOD) and catalase assay {#sec0035}
-------------------------------------------------------------

Specimens from testis were collected from all experimental and control groups. The tissues were homogenized in 50 mM potassium phosphate (pH 7.4). The samples were centrifuged at 4000 rpm for 15 min, at 4 °C and the supernatants were stored at −80 °C until analysis. SOD (Biodiagnostic, Egypt) was done according to Nishikimi et al. [@bib0075] at absorbance 560 nm over 5 min. The method based on the ability of the enzyme to inhibit the phenazine methosulphate--mediated reduction of nitro blue tetrazolium dye. Catalase (Biodiagnostic, Egypt) was carried out according to Aebi [@bib0080] at absorbance of 510. The method based on the reaction of catalase with a known quantity of H~2~O~2~. The reaction was stopped after one min., with catalase inhibitor.

2.6. Histopathology {#sec0040}
-------------------

Specimens from testis were collected from all experimental and control groups and fixed in 10% neutral buffered formalin, dehydrated in ascending concentrations of ethyl alcohol (70--100%) and then prepared using standard procedures for Hematoxylin and Eosin stain as described by Bancroft et al. [@bib0085].

2.7. Immunohistochemistry of androgen receptor and caspase-3 {#sec0045}
------------------------------------------------------------

The paraffin embedded testis were cut into 5 μm sections and mounted on positively charged slides for both androgen receptors and caspase-3 immunohistochemistry. Sections were dewaxed, rehydrated and autoclaved at 120 °C for 10 min in 10 Mm citrate buffer (pH 6). After washing with PBS, endogenous peroxidase was blocked using 0.3% H~2~O~2~ in methanol for 15 min. Slides were washed in PBS again and blocking was performed by adding blocking buffer and incubated for 30 min at room temperature. Primary monoclonal and polyclonal antibodies for androgen receptors (Cat. No. MA1-150, Thermo Fisher Scientific Co., USA) and caspase-3 (Cat. No. PAI-29157, Thermo Fisher Scientific Co., USA), respectively were added after dilution by PBS (2 μg/ml and 1:1000, respectively) and incubated for 30 min. The slides were washed three times for 3 min each with PBS. Biotinylated polyvalent secondary antibody (Cat. No. 32230, Thermo Scientific Co., UK) was applied to tissue sections and co-incubated for 30 min. The slides were washed three times for 3 min each with wash buffer. The reaction was visualized by adding Metal Enhanced DAB Substrate Working Solution to the tissue and incubated 10 min. The slides were washed two times for 3 min each with wash buffer. Counterstaining was performed by adding adequate amount of hematoxylin stain to the slide to cover the entire tissue surface. For quantitative analysis, the intensity of immunoreactive parts was used as a criterion of cellular activity after subtracting background noise. Measurement was done using an image analyzer (Image J program). From each slide of both experimental groups, 9 fields were randomly selected. The total field and immunohistochemial (IHC) stained areas were calculated and the percentage of IHC stained area calculated as follow: %IHC stained area = IHC stained area/Total area × 100.

2.8. Statistical analysis {#sec0050}
-------------------------

Statistical analyses were performed using GraphPad Prism (Version 5.01, GraphPad Software, San Diego, USA). Data are presented as means with their standard error. Normality and homogeneity of the data were confirmed before ANOVA, differences among the experimental groups were assessed by one-way ANOVA.

3. Results {#sec0055}
==========

3.1. Organ relative weights {#sec0060}
---------------------------

In cinnamon treated rats, the relative weights of testes, tail of the epididymis, seminal and prostate glands were significantly (*P* \< 0.05) increased compared with that in lead acetate treated rats. Moreover, the relative weights of testes of cinnamon treated rats was significantly (*P* \< 0.05) increased compared with that in control rats. The relative weight of all organs was not significantly differing than that of control rats when the cinnamon was administrated with lead acetate in rats ([Table 1](#tbl0005){ref-type="table"}).Table 1Effect of oral administration of cinnamon extract for 60 days on the weight of sexual organs of lead-treated male albino rats.Groups and treatmentRelative weight (g) of sexual organs (Mean ± SE)TestesSeminal vesiclesProstate glandsTail of epididymisControl2.5 ± 0.4a0.4 ± 0.02a0.2 ± 0.01a0.5 ± 0.03aLead acetate (30 mg/kg bw)2.1 ± 0.1a0.2 ± 0.01b0.1 ± 0.004b0.3 ± 0.01bCinnamon extract (250 mg/kg bw)2.9 ± 0.1b0.4 ± 0.02a0.2 ± 0.004a0.5 ± 0.02aLead and cinnamon extract2.4 ± 0.1a0.04 ± 0.02a0.2 ± 0.01a0.4 ± 0.02a[^1]

3.2. Seminal picture {#sec0065}
--------------------

In rats treated with lead acetate, the sperm cell concentration and viability were significantly (*P* \< 0.05) reduced compared with that in other groups. Sperm abnormalities were significantly (*P* \< 0.05) increased in lead acetate treated rats. In cinnamon treated rats, the seminal picture was improved and the percentage of sperm abnormalities was remarkably reduced without reaching a significant level. Addition of cinnamon to lead acetate in rats enhanced the viability of the spermatozoa and kept the sperm cell concentration at normal levels ([Table 2](#tbl0010){ref-type="table"}).Table 2Effect of oral administration of cinnamon extract for 60 days on semen picture of lead treated male albino rats.Groups and treatmentSperm cell characteristics (Mean ± SE)Sperm cell conc. (×10^6^)Viability (%)Abnormalities (%)Control23.6 ± 0.8a78.9 ± 2.2a15.8 ± 0.6aLead acetate (30 mg/kg bw)14.5 ± 0.4b49.6 ± 0.5b32.6 ± 1.4bCinnamon extract (250 mg/kg)22.8 ± 0.6a82.9 ± 1.5a13.1 ± 0.7aLead and cinnamon extract17.9 ± 0.7a59.1 ± 1.8a28.7 ± 0.6a[^2]

3.3. SOD and catalase activities {#sec0070}
--------------------------------

SOD and catalase activities were significantly reduced (*P* \< 0.001) in lead acetate treated rats compared to the other groups, while the addition of cinnamon to lead acetate improved the level of SOD compared to the lead treated group ([Table 3](#tbl0015){ref-type="table"}).Table 3Effect of oral administration of lead acetate on superoxide dismutase (SOD), catalase, androgen receptor and caspase-3 protein expression for 60 days in male albino rats.Groups and treatmentControlCinnamonLeadLead and cinnamonSOD (μ/g)886.3 ± 32.4a1000.0 ± 33.5a456.9 ± 25.4b619.1 ± 37.6cCatalase (μ/g)0.24 ± 0.01a0.26 ± 0.01a0.15 ± 0.01b0.19 ± 0.01cAndrogen receptor111.2 ± 1.6a114.5 ± 2.1a85.6 ± 1.2b97.8 ± 2.1cCaspase-343.6 ± 1.2a41.1 ± 0.8a75.4 ± 3.1b60.9 ± 2.5c[^3]

3.4. Histopatholoy of testes {#sec0075}
----------------------------

Testis of control rats as well as testis of rats treated with cinnamon showed normal histological structure of active mature functioning seminiferous tubules associated with complete spermatogenic series ([Fig. 1](#fig0005){ref-type="fig"}A and C). On the other hand, testis of lead treated rats showed marked degeneration of most seminiferous tubules with absence of spermatogenic series in tubular lumen and congestion in testis blood vessels ([Fig. 1](#fig0005){ref-type="fig"}B). Interestingly, the testis of lead treated rat given cinnamon extract showed normal histological structure of most seminiferous tubules ([Fig. 1](#fig0005){ref-type="fig"}D).Fig. 1(A) Testis of control rats showing normal histological structure of active mature functioning seminiferous tubules (S) associated with complete spermatogenic series. The peripheral layer of cells is composed of spermatocytes (SP) followed by a zone of spermatids (ST) and finally spermatozoa (SZ) about to be released into the lumen (H&E). (B) Testis of lead treated rats, showing marked degeneration (d) of most seminiferous tubules with absence of spermatogenic series in tubular lumen. The arrow indicates mild disintegration of the seminiferous tubules with loss of spermatids and spermatozoa, marked degeneration (arrow) of most spermatocytes, spermatids and congestion in the testis blood vessels (H&E). (C) Testis of rats given cinnamon extract at 250 mg/kg bw for 60 days, showing normal histological structure of most seminiferous tubules (H&E). (D) Testis of lead treated rats given cinnamon extract at 250 mg/kg bw for 60 days, showing normal histological structure of most seminiferous tubules (H&E).

3.5. Immunohistochemistry of androgen receptor and caspase-3 {#sec0080}
------------------------------------------------------------

There was a marked reduction (*P* \< 0.001) in the expression of androgen receptor in the testis of lead treated rats compared to all groups ([Fig. 2](#fig0010){ref-type="fig"}). The testis of cinnamon treated rats showed similar androgen receptor expression like that in the testis of control rats ([Table 3](#tbl0015){ref-type="table"}). Moreover, the level of caspase-3 protein expression was significantly (*P* \< 0.001) increased in lead treated rats compared to the expression in other groups ([Table 3](#tbl0015){ref-type="table"}). The intensity of activated caspase-3 immunostaining (deep brown) is pre-dominant on spermatogonia and seminiferous tubules of lead treated rats ([Fig. 3](#fig0015){ref-type="fig"}B).Fig. 2(A) Testis of control rats with androgen receptor nuclear staining in the interstitial cells and lack of immunoreaction in seminiferous tubules. (B) Testis of lead treated rats, showing no immunoexpression of androgen receptor. (C) Testis of rats given cinnamon extract, showing staining in the interstitial cells. (D) Testis of lead treated rats given cinnamon extract, showing moderate androgen receptor nuclear immunoexpression in the interstitial cells.Fig. 3Immunohistochemical staining of activated caspase-3 in rat testis. (A) Testis of control rats. (B) Testis of lead treated rats. The intensity of activated caspase-3 immunostaining (deep brown) is pre-dominant on spermatogonia and seminiferous tubules of lead treated group. (C) Testis of rats given cinnamon extract. (D) Testis of lead treated rats given cinnamon extract. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

4. Discussion {#sec0085}
=============

The present study showed that lead acetate causes a significant decrease in the male reproductive organs, testicular functions and significant alterations in the histological patterns in the testis. Our result agreed with [@bib0090] who found that the index weight of the testis, epididymis and accessory sex glands was significantly decreased in rats treated with lead compared to the control group. Several sperm parameters were severely affected following lead treatment. Epididymal sperm motility and viability decreased on lead exposure inraperitoneally [@bib0095].

The result of the present study clearly showed that the levels of SOD and catalase are remarkably decreased in rats treated with lead acetate. Lead acetate is known to cause free radical damage in tissues by two mechanisms: Increased generation of ROS, including hydroperoxides, singlet oxygen and hydrogen peroxides, and by causing direct depletion of antioxidant reserves [@bib0100], [@bib0105]. The observed decrease in circulating antioxidants and decrease in serum total antioxidants confirm the lead acetate-induced depletion of antioxidants [@bib0110]. All antioxidant enzymes including SOD and catalase decreased significantly in mitochondrial and post-mitochondrial fraction of testis of lead and cadmium treated rats [@bib0095]. There is a significant decrease in the activity levels of antioxidant enzymes superoxide dismutase and catalase in the testes of lead exposed rats [@bib0115]. In the present study, when the cinnamon and lead acetate was administrated to rats, the level of SOD was increased compared to its level in rats treated only with lead. The activities of liver SOD and catalase was significantly reduced in the carbon tetrachloride intoxicated group, while it was significantly elevated in the groups pretreated with either water or ethanol extracts of cinnamon [@bib0120].

Generally the effects of cinnamon have not yet been fully identified on reproductive system. This study concentrated on the effect of cinnamon extract on several reproductive parameters after lead exposure and its ability to correct the adverse effect of lead on seminal picture and testicular structure in rats. The improvement of reproductive parameters after cinnamon administration should be explained. One of the possible explanations is that concentration of LH, FSH and testosterone hormones have been increased significantly after cinnamon administration [@bib0125]. This effect could be due to the presence of compounds in cinnamon which affect the hypothalamus-pituitary axis and has thus increased concentrations of these hormones. The researches done by Shagauo and Davidson [@bib0130] also showed that cinnamon is capable of releasing LH hormone by affecting hypothalamus axis and increasing the secretion rate of GnRH hormone. Also, they proposed that GnRH cause proliferation of sex cells by increasing the Leydig cell activities in adult rats. In another explanation, Parivzi and Ellendorff [@bib0135] showed that cinnamaldehyde extracted from cinnamon increase norepinephrine and this hormone can increase the release of nitric oxide. Cinnamaldehyde release cAMP with connecting calcium in cell membrane and cause increase in norepinephrine secretion. Norepinephrine increase LH secretion with activation of nitric oxide. Nitric oxide affects hypothalamus axis and release gonadotropin hormone (GnRH). Gonadotorpin hormones increase secretion of other hormones such as LH and FSH of pituitary gland. LH hormone affects Leydig cells and this cells release testosterone hormone. Testosterone is the most important hormone in sex cells proliferation [@bib0135], [@bib0140].

In the present work, the testis of lead treated rats showed marked degeneration of most seminiferous tubules with absence of spermatogenic series in tubular lumen and congestion in testis blood vessels. Interestingly, the testis of lead treated rat given cinnamon extract showed normal histological structure of most seminiferous tubules. Similar changes accompanied by the accumulation of immature cells within the tubular lumen were also observed in rats under the influence of lead acetate [@bib0145]. More conspicuous degenerative changes in testicular tissues and an increase in sperm head abnormalities were observed in mice exposed to lead acetate [@bib0150].

In the present study there was a marked reduction in the expression of androgen receptor in the testis of lead treated rats. In a similar study, Paul et al. [@bib0155] found less intense immunostaining for androgen receptor in interstitial and peritubular cells of ram foeti testes from ewes reared on sewage treated pastures during pregnancy.

To date, little information exists on the effect of lead acetate on caspase-3 expression as well as the effect of cinnamon in correction of the lead toxicity. In the present study, lead induced significant increase in caspase-3 expression indicating that lead provokes apoptosis in the rat testis. Interestingly, the addition of cinnamon improved the condition by lowering the caspase-3 expressions. Apoptosis is a physiological process of selected cell deletion. As an antagonist of cell proliferation, apoptosis contributes to keeping the cell number in testicular tissue and helps to remove superfluous and damaged cells, but excessive apoptosis could cause destruction of male reproductive function [@bib0160]. The levels of caspase-3 were distinctly increased in mice treated with lead acetate Wang et al. [@bib0165]. In a similar study in China to explore the effects of expressions of caspase-3 in mice testes at different concentrations and time of lead acetate, it increased the expressions of caspase-3, which induces apoptosis of germ cells [@bib0170]. The occurrence of testicular cell apoptosis and the expression of caspase-3 in the adult male mice following lead administration were investigated. Compared with the control group, the protein levels of caspase-3 was significantly higher in experimental groups. The degree of differences was correlated with the time of lead exposure. The testicular apoptotic cell death is highly associated with lead loading and changes in caspase-3 expression may play an important role in this process [@bib0175].

5. Conclusion {#sec0090}
=============

It can be concluded that cinnamon may improve the reproductive parameters in male rats after lead acetate exposure. This is might be due to improve the superoxide dismutase level, androgen receptor expression and decrease caspase-3 expression in testis of male rats. However, further research is required to throw some more lights on the subject.
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[^1]: a and b indicated significant change from normal control and lead-treated groups respectively, at *P* \< 0.05.

[^2]: a and b indicated significant change from normal control and lead treated groups respectively, at *P* \< 0.05.

[^3]: a and b indicated significant change, at *P* \< 0.0001; a and c indicated significant change, at *P* \< 0.0001; b and c indicated significant change, at *P* \< 0.0001 except for SOD and catalase activities at *P* \< 0.001 and *P* \< 0.05, respectively.
